Abstract-In cognitive radio systems, secondary users should determine correctly whether the primary user is absent or not in a certain spectrum within a short detection period. Traditional spectrum sensing schemes based on fixed threshold are sensitive to noise uncertainty, a fractional fluctuate of average noise power in a short time will lead to the accuracy of spectrum detection decreasing seriously. In this paper we propose a novel dynamic threshold energy detection algorithm in cognitive radio systems. Theoretical analysis and simulation results show that the proposed strategy can combat the noise uncertainty effectively, and good detection accuracy can be attained, if a suitable detection threshold is chosen. That is, the proposed scheme can enhance the robustness of combatting the noise uncertainty and veracities of the spectrum sensing.
I. Introduction
Nowadays wireless communication systems are based basically on fixed spectrum allocations, which means that the spectral is assigned fixedly to authorized users at any time. This leads to that the spectral resource is utilized un-efficiently through practical measurements [1] . Dynamic spectrum access techniques increase the spectrum efficiency and enhance the chance of secondary users to access the idle frequency spectrum. Cognitive radio is a resource sharing strategy which allows the licensed user to share parts of its licensed spectrum with a rental system (RS) [2] , and the rental users must vacate the spectrum as long as licensed users need communicate. The objective of the cognitive radio is to improve the spectral efficiency by overlaying new wireless radio systems on a licensed one without interfering to the licensed system (LS). In order to keep co-existing and no harmful to LS, cognitive nodes must have the capability to detect the idle spectrum instantaneously and continually, which is a very important in cognitive radio systems.
The essential problem of spectrum sensing in cognitive radio is designing high quality spectrum sensing devices and algorithms for exchanging spectrum sensing data between nodes. Energy detection is a respected spectrum sensing scheme. Most papers [3] ∼ [8] discussed energy detection scheme based on a given invariant average noise power. However, the noise is an aggregation of various sources like thermal noise, leakage of signals, aliasing from imperfect front end filters, quantization noise, etc. Actually, "noise" is neither perfectly Gaussian nor white, nor stationary [9] . Therefore, it is not practical that the average noise power keeps constant in detection duration, In fact, the noise uncertainty is unavoidable. It has been shown that a simple energy detector cannot guarantee the accurate of signal detection, especially when the noise is uncertain. Hence, the conventional energy detection scheme is sensitive to noise uncertainty. For those reason, a novel energy detection algorithm based on dynamic threshold is presented to deal with the noise uncertainty in this paper.
The rest of this paper is organized as follows: In section II, the signal detection model in AWGN is formulated. Then, a noise uncertainty effects on the performance of energy detector is evaluated in section III. A novel algorithm is proposed, which applies dynamic threshold for anti-noise uncertainty in section IV. Conclusions are drawn in section V.
II. Detection Model
In this paper, the signal is assumed to be independent of the noise. Random processes are also assumed to be stationary and ergodic unless specified. The problem of signal detection in additive Gaussian noise can be formulated as a binary hypothesis testing problem with the following hypotheses
where Y(n), X(n) and W(n) are the received signals at CR nodes, transmitted signals at primary nodes and white noise samples, respectively; H 0 and H 1 denote that the licensed user is present or not, respectively. Noise samples W(n) are from AWGN process with power spectral density σ
If there is no deterministic knowledge about the signal X(n), i.e., we only know the average power of the signal. In this case the optimal detector is energy detector or radiometer [10] , the test statistic is given by 
where D(Y) is the decision variable and γ is the decision threshold, N is the number of samples. If the noise variance is known and without noise uncertainty, based on central limit theorem(CLT), it has: [9] [11]
where
is the noise variance. Then, we can obtain the probability of detection, false alarm probability, and missing probability, respectively [9] [11] .
where Q (·) is the standard Gaussian complementary cumulative distribution function (CDF). P D , P FA and P MD represent detection probability, false alarm probability and missing probability respectively.
III. Problem Formulation
Given target variables: detection probability P D , false alarm probability P FA , missing probability P MD and sample number N (detection duration), the relationship of these variables is deduced in terms of the signal-to-noise ratio (S NR)
To simplify the problem, energy detection algorithm based on average noise power without uncertainty has been discussed. From section II, eliminating the variable of decision threshold γ, and it has
where Q −1 (·) is the inverse standard Gaussian complementary cumulative distribution function (CDF), S NR = P/σ 2 n . Fig.1 is the numerical results of (7) given S NR = −10dB, P FA ∈ (0, 0.5). It shows that the performance is improved gradually with N's increasing, and an accurate detection probability can be obtained even if the S NR is much lower, as long as N is large enough without noise uncertainty.
We have discussed the detection performance without noise uncertainty. Next, we take the noise uncertainty into account. In order to discuss the effect on the detection performance as the noise power is uncertain, we set:
n , where ρ is the noise uncertainty factor and the value of ρ is closer to 1, that is ρ > 1 and ρ ≈ 1. Thus (4) and (5) 
Eliminating γ,and it has:
Comparing (10) with (7), there is almost no contribution to the whole expression results if there is a tiny change of ρ; however, S NR −2 and (S NR − (ρ − 1/ρ)) −2 should be mainly discussed and compared. When ρ ≈ 1, then S NR −2 ≈ (S NR − (ρ − 1/ρ)) −2 , the numerical value of (10) and (7) are almost the same; When ρ is larger and suppose ρ = 1.05,
−2 ≈ 0, substituting into equation (10) to be N → ∞. In other words, only an infinite detection duration can complete detection, which is impracticable. A tiny fluctuation of average noise power causes performance drop seriously, especially with a lower S NR. Fig.2 is the numerical results of (10) given: S NR = −10dB, P FA ∈ (0, 0.5) and N = 1000.
In Fig.2 , ρ = 1.00 represents no noise uncertainty, namely the average noise power keeps constant in short time. We can see that the performance gradually drops as the noise uncertainty factor increasing. When ρ = 1.05, the performance dropped seriously. For example, if P FA = 0.1, then P D < 0.30, even when P FA = 0.5, the detection probability is still less than 40%. It means that cognitive users decide the spectrum is idle no matter whether there are primary users present. Consequently, cognitive users are harmful to licensed users when primary users are present. This situation often occurs in cognitive radio systems, particularly in lower signal-to-noise ratio environments.
This indicates that Energy detector is very sensitive to noise uncertainty. In order to guarantee a good performance, choosing a suitable threshold is very important. Traditional energy detection algorithms are based on a fixed threshold, and we have verified that the performance decreased under noise uncertainty environments. This indicates that the choice of a fixed threshold is no longer valid under noise uncertainty and threshold should be chosen flexible based on the necessary. In next section, energy detection algorithm with dynamic threshold is proposed.
IV. Dynamic Threshold Algorithm Description
Since performance declined sharply as noise uncertainty, and cognitive users' accessing will be serious interference to licensed users, which should be avoided in dynamic spectrum access technology. For this reason, a new algorithm combatting the noise uncertainty is presented.
Assuming ρ is the dynamic threshold factor and ρ > 1 and ρ ≈ 1, the value of dynamic threshold can be summarized in a single interval γ ∈ γ/ρ , ρ γ . In this section, we will consider the noise uncertainty and dynamic threshold respectively. From (8) and (9), it has: 
Eliminating threshold γ and getting inter-relationship of P D , P FA , N, ρ, ρ and S NR
In (13), when ρ ≈ ρ and ρ /ρ ≈ ρ/ρ ≈ 1, (ρ S NR + ρ /ρ − ρ/ρ ) −2 ≈ (S NR) −2 and ρ (1/ρ+S NR) ≈ (1+ S NR). we substitute (13) with the above approximate unequal expressions, and we can get that the numerical value of (13) is almost the same to (7) . Therefore, dynamic threshold detection algorithm can overcome the noise uncertainty as long as a suitable dynamic threshold factor is chosen. Comparing (13) with (10), supposing S NR = 0.1 and ρ and ρ both closer to 1, it is clear that (
−2 . Consequently, detection duration N has been shortened largely with the same probability parameters P D and P FA . It can be concluded that as long as the dynamic threshold factor is suitable, even if there is noise uncertainty, we can get a better spectrum performance. To attaining the same performance, the detection time of dynamic threshold energy detection algorithm is less than the traditional version. Fig.3 is the numerical results of (7), (10) and (13). With the same parameters as before.
Where ρ = 1.00 denotes that the average noise power keeps constant(without noise uncertainty); ρ = 1.00 denotes that the algorithm did not use dynamic threshold(the threshold is fixed); otherwise, it represents cases with noise uncertainty and dynamic threshold. From Fig.3 , it indicates that a tiny fluctuation of average noise power causes a sharp decline in detection performance. The dynamic threshold makes the performance improve significantly as the dynamic threshold factor increasing. If a suitable dynamic threshold factor is selected, the falling proportion of performance caused by noise uncertainty can be omitted and the performance may be more accurate.
V. Conclusion
Energy detection schemes based on fixed threshold are sensitive to noise uncertainty, a fractional fluctuate of average noise power will lead to the detection performance dropping quickly. According to its drawback, we present dynamic threshold spectrum detection algorithm in this paper. This algorithm has an accurate detection performance even if there is an serious noise uncertainty in the case of low signal-to-noise ratio. Theoretical analysis and numerical simulation results show that the proposed scheme improves the antagonism of noise uncertainty, and gains a good detection performance as long as a suitable dynamic threshold is chosen. In other words, the dynamic threshold energy detection algorithm can enhance the robust of combatting noise uncertainty and improve the veracity of spectrum sensing. How to acquire the practical detection threshold is our future work.
